high He pressures. The saturation is considered to be caused by the appearance of sputtered AI v3m-111 ... ._r_"._ Hollow cathode lasers have been the subject of research for many years [l, 23. However, several questions connected with laser operation and hollow cathode geometry are still not completely understood. Among these, it is not clearly known up to what limit the length of the hollow cathode can be reduced yet still obtain laser oscillation with an a&x:cy,aurc n,rcnsrry. tl1su LllC quc"L'"L' a113cs, W L l a l 1> U,= IIIIIUCILtiC "1 L L K S'IVLL rcrlgrll on the laser characteristics? Warner et al have reported laser operation of a high gain infrared He-Cu' laser with an active.length of 1 cm [3] . Detailed investigations on a 781 nm He-Cut laser having a 3 cm active length were published in [4] , where an output power of 1.6 mW was reported. Since no further data are available on short active length hollow cathode lasers it seemed to be of interest to perform further experiments to investigate this question using a noble-gas mixture system.
A He-Kr' laser radiating at 469.4 nm was used as the active medium for our investigations. The gain of this laser [SI is considerably smaller than that of the 781 nm
Cu ion transition [6, 7] , so an active length of 10 cm was chosen. We have obtained laser oscillation in our 10 cm active length He-Kr' hollow cathode discharge and we report various data on the operation characteristics of the laser. The scheme of the hollow cathode tube used in the experiment is shown in figure  1 . A pure AI hollow cathode with a length of 10 cm and a slot of 2 mm x 4 mm was used, a tungsten rod placed under the slot served as anode. Part of the cathode was covered by a separate AI plate insulated from the cathode to prevent discharge on this outer part of the cathode surface. The discharge was excited by 50Hz repetition rate, maximum 10 A, 500 ps duration near-square wave current pulses. The optical resonator consisted of two 1.15 m radius mirrors placed 35 cm apart. One mirror was totally refieciing, iiie oiiier 'nad 0.6% traiisiiii~jioii at 468.4 iiiii.
The discharge, although it filled the whole length of the slot, in spite of many efforts could not be made homogeneous. At currents above 3 A a significant part of the However, after about 10 min operation the inhomogeneity always appeared again. The reason for the discharge inhomogeneity is not clear, it is believed that it is connected with the rather high A cm-' current densities used.
The lowest threshold current for laser operation was observed to be 0.9 A, this was measured in a mixture of 36 mbar He and 0.02 mbar Kr. The maximum peak output power obtained was 2.7 mW, in this case the He and Kr partial pressures were 68 mbar and O.Zmbar, respectively, values which are quite different from those where the minimum threshold current was measured.
Typical shapes of the voltage, current and laser pulses recorded at different He pressures are shown in figures 2-4. As can be seen from figure 2, at a relatively low He pressure of 44 mbar laser operation occurs at the beginning of the current pulse in the form of a peak having a duration of % 140 ps. At a medium He pressure of 68 mbar this first peak is followed by lower intensity laser oscillation during the whole current pulse ( figure 3) . At a high He pressure of 92 mbar after the first peak laser power slowly increases, the highest laser intensity occurs at the end of the pulse (figure 4). The laser pulses were recorded at current values where saturation of the laser power occurred.
The peak in the laser power at the beginning of the pulse at 4.4 mbar He pressure is explained by the higher initial voltage necessary to maintain the discharge. This higher voltage results in an increase in the excitation of the upper laser level [8] . Later in the pulse, cataphoresis of Kr ions towards the cathode causing a drop in Kr density reduces the laser power and finally stops the oscillation. A higher discharge current does not help to produce oscillation during the whole current pulse at 4.4 mbar He pressure, since the laser power is saturated. The gain of the laser is higher at 68 mbar so here laser oscillation is obtained during the whole current pulse. At 92 mbar the slow increase of the laser power after the first peak is attributed to the heating effect of the current pulse, which reduces the He density towards the lower optimum value. Peak laser power measured as a function of He pressure at a Kr partial pressure of 0.2 mbar is shown in figure 5 . The output power data given in figure 5 were measured at the current values where saturation of the laser power occurred. As can be seen from the figure, the maximum laser power 2.7 mW was obtained at 68 mbar He pressure, a significant laser power of 1.5 mW was measured even at 104 mbar. At this high pressure the threshold current was 8.8 A.
The AI vapour resulting from sputtering of the cathode is believed to play a major role in the saturation oflaser power with increasing discharge current. This is considered figure 7 , at 80 mhar the saturation current was 7 A. The variation of laser power with discharge current was similar to that of the 469.4nm spontaneous line. This shows that the lower level population of the laser transition is small and plays no significant role in the saturation of the laser power.
In summary, laser operation has been obtained in a short 10cm active length He-Kr+ hollow cathode discharge with a peak output power of 2.7mW. The laser operated at high He pressures; even under this condition saturation of laser power was found with increasing discharge current. Improving the homogeneity of the discharge in the hollow cathode is expected to result in an increase of the output-power. The strong discharge observed in a short part of the hollow cathode indicates that laser operation should he possible in a considerably shorter active length of a few cm.
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